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Introduction 

Previous optical  s tud ies  of coal d i sso lu t ion  have shown tha t  the grain s i z e  of 
the organic consti tuents decreases with increasing reaction temperature (1 ,  2 ) .  
investigations were concerned mainly w i t h  chemical aspects of coal hydrogenation as a 
function of hydrogen t r ans fe r  and thermal degradation; however no attempt was made t o  
r e l a t e  these parameters t o  the changing physical character of coal macerals. 
char" components produced during hydrogenation a re  known to  be op t i ca l ly  d iss imi la r  

t o  t h e i r  original coal consti tuents.  Therefore, i t  wi l l  be necessary t o  understand 
the physical mechanisms involved i n  maceral dissolution as  well as the properties of 
these "char" or residue consti tuents before the chemical aspects of hydrogenation can 
be given adequate consideration. 

A morphological characterization of so l id  residues will  be a foundation for  
determining the various physical mechanisms involved i n  coal maceral degradation. 
Comparison of the  petrography of a feed coal to  t h a t  of i t s  so l id  residue derived 
from hydrogenation i s  not s u f f i c i e n t  f o r  determining the  or ig in  of residue compo- 
nents. Understanding these o r ig ins ,  however, can be achieved by in te rpre t ing  the 
progressive d is in tegra t ion  of coal macerals. These intermediate steps were observed 
i n  optical  studies of residues produced by progressive batch hydrogenation and serve  
to  associate the original feedcoal macerals to  residue components derived from con- 
tinuous-fl ow reaction. 

Optical s tud ies  reveal t ha t  residue consti tuents a r e  formed as a r e s u l t  of i n -  

These 

The 

complete hydrogenation, repolymerization o r  carbonization. Those coal macerals which 
pass through the process unreacted o r  exhibit ing only s l i g h t  morphological a1 te ra t ion  
are readily ident i f ied .  
by studying low temperature batch hydrogenation residues and are  described on the 
basis of t he i r  morphology, r e l a t ive  re f lec tance ,  anisotropy, and grain s i z e .  

Other consti tuents a re  re la ted  t o  t h e i r  precursory macerals 

Sample Ori g i  n 

Residues from two coal hydrogenation systems were used in th i s  study. An experi- 
mental batch hydrogenation system u t i l i zed  20 g of minus 20 mesh coal with four parts 
by weight of t e t r a l i n  in a s t a in l e s s  s t ee l  reaction vessel (nitrogen atmosphere). 
These preparations were reacted in a f lu id ized  sand bath for  three hours a t  a selected 
constant temperature i n  the  range of 3OO0-450"C a t  25OC increments ( 3 ) .  
t ion vessel contents were extracted in benzene and the resu l t ing  insoluble f rac t ion  
was dr ied ,  embedded i n  epoxy r e s in ,  and polished. 

T h i s  process used a feed r a t e  of 400 g / h r  of minus 200 mesh coal s lu r r i ed  in a 1 t o  3 
r a t i o  with solvent-recycle or anthracene start-up o i l .  
a pressure of 1500 P s i g  i n to  a reaction column with hydrogen. Reported reaction tem- 
peratures of 441°C and 427°C were given f o r  a residence time approximating 30 minutes. 
F i l t ra t ion  was conducted a t  regular in te rva ls  t o  determine the product balance f o r  
each r u n .  F i l t e r  cake materials were extracted in pyridine and the resu l t ing  residue 
was dr ied ,  embedded in epoxy r e s in ,  and polished. 

The reac- 

The second system employed was a proprietary continuous-flow bench-scale reactor.  

The s lur ry  was pumped under 
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Solids from a p i l o t  p lan t  continuous-flow reactor were a l so  subjected t o  optical  
observation. 

Comparative Optical Results 

The petrography of feed coals used f o r  conversion i n  these hydrogenation systems 
are  summarized i n  Table I .  
( see  Fisher et al. ( 4 )  and Davis e t  aZ. ( 5 ) )  appear i n  varying concentration. The 
reac t ive  maceral content of the Indiana # 6 ,  West Kentucky #14, and I l l i n o i s  #6 feed 
coals a r e  re la t ive ly  high while those fo r  the Indiana #1 Block and the Australian 
Callide feed coals a r e  subs t an t i a l ly  lower. These feed coals a r e  h i g h  v o l a t i l e  b i -  
tuminous i n  rank with the exception of the  subbituminous A Callide seam. 

The more reac t ive  coal cons t i tuents ,  v i t r i n i t e  and ex in i te  

V i t r in i t e  Contributions t o  Residues 
Table I1 presents the  proposed residue c l a s s i f i ca t ion  and disassociation mechanisms 

which l i nk  the residue components t o  t h e i r  original macerals. 
t r i bu t ion  to  hydrogenation so l id  residues i s  obtained from v i t r i n i t e .  
this maceral exhib i t s  a capacity t o  swell o r  cont rac t  within the temperature range of 
1 iquefaction i s  well documented. However, the appearance of unreacted v i t r i n i t e  i n  
these residues may present an inconsistency with the  properties of v i t r i n i t e  i n  the  
temperature range of l iquefaction. Plate I ,  Figure ( a )  shows a pa r t i c l e  o f  v i t r i n i t e  
containing a spore exine ( spo r in i t e )  remaining i n  continuous-flow hydrogenation a f t e r  
reaction of the West Kentucky #14 feed coal a t  441OC. Typically, v i t r i n i t e  t h a t  may 
be distinguished in these residues shows some thermal contraction o r  expansion along 
bedding planes. However, t he  pa r t i c l e  i l l u s t r a t e d  here a t ta ined  onlya s l i g h t  granu- 
l a r i t y  along one of i t s  edges. 
thermal degradation of v i t r i n i  t e  suggests t ha t  reported reaction temperatures may n o t  
be accurate. 

The most diverse con- 
The f a c t  t ha t  

The incomplete hydrogenation and a p p a r e n t  lack of 

P la te  I ,  Figure ( b )  shows two additional v i t r in i te - res idue  components formed as 
reaction temperatures increase t o  350°C i n  the batch hydrogenation of t he  Indiana #1 
Block feed coal. 
"v i t rop la s t " ,  [v i t ro  - derived from v i t r i n i t e ,  r e f e r s  t o  the original material and 
p l a s t  - derived from plasty ( a  combined form meaning from the  Greek p las tos ,  formed 
and 
"granular residue" category a re  depicted in Table 11. 
a p l a s t i c  or once-plastic thermal degradation product o f  v i t r i n i t e .  
ized by flow-structure a s  well as the  spherical morphology seen in Plate I ,  Figures 
( b ) , . ( d ) ,  a n d  ( e ) .  
i n g  inclusions of other residue components and as angular fragments. 
t i on  i s  often d i f f i c u l t  due t o  i t s  gradual t r ans i t i on  t o  semi-coke. 

The appearance of a spherical morphology which i s  here called 

plassein, t o  mold)] and a submicron material which will be assigned t o  the 
The term "v i t roplas t"  describes 

I t  i s  character- 

Vi t roplas t  a l so  appears as broad (>loop)  isotropic areas contain- 
I t s  ident i f ica-  

The dissolution o f  v i t r i n i t e  during hydrogenation i s  demonstrated by Plate I ,  
Figure ( c ) .  The batch hydrogenation of the Indiana #6 feed coal a t  325°C exhib i t s  the 
t r ans i t i on  from s l i g h t l y  thermally a l te red  v i t r i n i t e  t o  the v i t roplas t  flow s t ruc ture  
and spherical morphology referred to  above. The lower reflectance of v i t rop la s t  is an 
indication o f  the disruption of the  v i t r i n i t e  lamellae and the resu l t ing  amorphous 
crystallography. Vitroplast  formation may also occur during continuous-flow reaction, 
an example of which i s  i l l u s t r a t e d  in Plate I ,  Figure ( d )  (West Kentucky #14 residue 
a t  441OC). 

The granular residue seen in Plate I ,  Figure (b)  i s  submicron i n  s i z e  (0 .3-1 .0~) ,  
approximately spherical i n  shape, and appears blue and red i n  polarized re f lec ted  
l i g h t .  I t s  appearance on the  surface of v i t r i n i t e  during progressive hydrogenation 
resembles the genesis of micr in i te  from weakly r e f l ec t ing  vitrinite d u r i n g  metamorphic 
coa l i f ica t ion  as discussed by TeichmUller (6 ) .  
analyses of the submicron cons t i tuents  from the continuous-flow residue of I l l i n o i s  #6 
coal indicate t h a t  approximately 11 percent of the  pa r t i c l e s  tes ted  were organic. 

Qua l i t a t ive  electron microprobe 

190 



The remainder of the granular residue i s  consequently assumed t o  represent fragments 
Of f ine ly  dispersed clay. 
of the submicron f rac t ion  can be achieved. 

i t  i s  seen in the development of "cenospheres . This term was f i r s t  applied t o  
s t ruc tures  formed as a r e s u l t  of rapid heating of pulverized coal by Newall and 
Sinnat t  ( 7 )  and l a t e r  by S t ree t  e t  aZ. (8). 
fined as  a re t icu la ted  hollow sphere composed of ribs o r  frames and windows. 
drogenation residues simple cenospheres a re  often observed which lack r e t i cu la t e  
texture and the t h i n  membranes o r  windows. 
in the continuous-flow residue of the West Kentucky #14 feed coal (P la te  I ,  Figure ( d ) ) .  
Simple cenospheres are seen in close association with the spherical v i t rop la s t ,  and 
exhib i t  related morphologies. 
spheric s t ruc tures .  Plate I ,  Figure ( e )  suggests the development of gas bubbles i n  
the in t e r io r  of a v i t rop la s t  sphere from the continuous-flow residue of West Kentucky 
#14 coal (427OC). While in the p l a s t i c  s t a t e ,  gases formed by thermal cracking exe r t  
suf f ic ien t  pressure to  cause expansion and eventually lead t o  the formation of a 
highly r e t i cu la t e  hollow sphere as  seen in Plate I ,  Figure ( f ) .  

conditions i t  may swell and become p l a s t i c ,  forming both a fine-grained residue f rac-  
t i on ,  i ne r t  t o  fur ther  hydrogenation, and a p l a s t i c ,  low-viscosity phase ( v i t r o p l a s t )  
which i s  immiscible in the hydrogen-donating solvent.  The granular residue con- 
s t i t u t e s  a major portion (>50%) of these residues and may be considered as a semi- 
quant i ta t ive  category composed of both inorganic and organic cons t i tuents .  The v i t ro-  
p l a s t  i s  more variable in concentration, much l ike  the "unreacted v i t r i n i t e "  category. 
Quantitative data will be required t o  distinguish whether these varying concentra- 
t ions a re  due t o  charac te r i s t ics  of the feed coal o r  t o  the reaction conditions. 

especially when the v i t rop la s t ' s  reflectance increases above tha t  of the  precursor 
v i t r i n i t e .  The spherical v i t rop la s t  generally exhib i t s  reflectances above 1 .O per- 
cen t ,  although the  reflectance level i s  variable.  Presumably, the immiscibility of 
the disoriented v i t r i n i t e  lamellae and a subsequent loss o f  internal pore s t ruc tu re  
makes hydrogenation increasingly d i f f i c u l t .  
a f f e c t  the spherical v i t rop la s t ,  causing internal thermal cracking and expansion t o  
form cenospheres. 

as a r e su l t  of hydrogen s t rava t ion ,  temperature o r  pressure drops, o r  a c r i t i c a l  
accumulation of so l ids .  
formed spec i f ica l ly  by the  mesophase mechanism. Mesophase i s  a t r ans i en t  i n t e r -  
mediate stage between a unique f l u i d  system ( l iqu id  c rys t a l s )  of high molecular weight 
and a so l id  anisotropic carbon such as semi-coke (9) .  The i n i t i a l  appearance of meso- 
phase can be an anisotropic sphere formed by ttie lamellar stacking of t he  l iquid- 
c rys ta l  polymers para l le l  t o  the sphere 's  equator. A s l i g h t  increase i n  temperature 
can r e su l t  in t h i s  t rans ien t  phase being converted i r revers ib ly  in to  semi-coke. 
second mode of occurrence of mesophase which is  of greater significance t o  l ique- 
fac t ion  processes i s  the  adsorption of nematic l iqu id  c rys t a l s  on ine r t  surfaces.  
Marsh et u Z .  (10) have shown t h a t  l iqu id  c rys ta l  (mesophase) development can occur 
in the carbonization of some coals and coal t a r  pitches,  suggesting t h a t  during 
l iquefaction, coal-derived substances can repolymerize t o  form l iqu id  c rys t a l s .  

hydrogenation i s  seen in Plate 11, Figure ( a ) .  
reaction of an I l l i n o i s  #6 feed coal,  l iqu id  c rys ta l s  are shown t o  have formed i n  
concentric layers on the surface of an inert par t ic le .  

More work i s  required before compositional d i f f e ren t i a t ion  

The continued degradation of v i t r i n i t e  a;d the spherical v i t rop la s t  derived from 
. 

Cenosphere is  a morphological term de- 
I n  hy- 

These l e s s  complex s t ruc tu res  a re  observed 

This association may be observed f o r  more complex ceno- 

Optical observation reveals t ha t  as  v i t r i n i t e  i s  subjected t o  increasing reaction 

Vitroplast  may not be as reactive t o  fur ther  hydrogenation as unaltered v i t r i n i t e ,  

A continued increase in temperature may 

During hydrogenation repolymerization of the v i t r in i te -der ived  l iqu ids  may occur 

T h i s  observation i s  confirmed by the presence of semi-coke 

A 
' 

The poten t ia l ly  de le te r ious  e f f ec t s  of nematic l iqu id  c rys ta l  nucleation during 
During a continuous-flow p i lo t  p lan t  

Whether polymerization occured 
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a t  t h e  su r face  o r  w i t h i n  t h e  surrounding f l u i d  can o n l y  be speculat ion.  
a r e s u l t  o f  l a m e l l a r  s t a c k i n g  and subsequent development o f  c r o s s - l i n k  bonding, an 
a n i s o t r o p i c  nuc leated carbon i s  formed which i s  i n e r t  t o  f u r t h e r  hydrogenation. 
development o f  t h i s  phase has been associated w i t h  r e a c t i o n  vessel cok ing  problems. 

However, as 

The 

L i  p t i  n i  t e  Con t r i bu t i ons  t o  Residues 

a l g i n i t e .  
nous coals .  
a systemat ic  s tudy w i l l  n o t  be covered here.  

. The l i p t i n i t e  group o f  macerals i nc ludes  s p o r i n i t e ,  r e s i n i t e ,  c u t i n i t e ,  and 
O f  these, s p o r i n i t e  appears i n  low concentrat ions i n  h igh  v o l a t i l e  b i t u m i -  

Due t o  t h e  v e r y  minor  concen t ra t i ons  o f  t h e  o t h e r  l i p t i n i t e  components, 

Teichmul ler  ( 6 )  suggests t h a t  m i c r i n i t e  forms from s p o r i n i t e  and o t h e r  l i p t i n i t e  
macerals du r ing  t h e  metamorphosis o f  coa l .  She contends t h a t  t h e  genesis o f  spore- 
de r i ved  m i c r i n i t e  occurs o n l y  d u r i n g  t h e  h i g h  v o l a t i l e  bituminous stage o f  c o a l i f i -  
c a t i o n .  This suggests t h e  p o s s i b i l i t y  t h a t  s p o r i n i t e  may break down i n t o  a g ranu la r  
res idue  c o n s t i t u e n t  as w e l l  as l i q u i d  by-products d u r i n g  hydrogenation. 
F igu re  (b )  e x h i b i t s  a megaspore ex ine  from the  Ind iana #1 Block coal which, as i n d i -  
cated by i t s  porous and g r a n u l a r  sur face,  may be forming t h i s  g ranu la r  m a t e r i a l  dur- 
i n g  t h e  course o f  c o a l i f i c a t i o n .  
remains o f  a microspore a f t e r  batch hydrogenation o f  t h e  same feed coal  a t  375OC. 
A h i g h  r e f l e c t i n g  g r a n u l a r  m a t e r i a l  i s  observed along i t s  swol len and p a r t i a l l y  re -  
acted c e n t r a l  c a v i t y .  
b i tuminous coals ,  a submicron g ranu la r  m a t e r i a l  may be generated from s p o r i n i t e  t o  
become a poss ib le  a d d i t i o n  t o  o t h e r  i n e r t  cons t i t uen ts .  

P l a t e  11, 

P l a t e  11, F igu re  ( c )  i s  a photomicrograph of  t h e  

One i m p l i c a t i o n  i s  t h a t  du r ing  hydrogenat ion o f  h i g h  v o l a t i l e  

I n e r t i n i t e  Residue Con t r i bu t i ons  

m a c r i n i t e ,  and m i c r i n i t e .  T h e i r  i ne r tness  r e l a t i v e  t o  o t h e r  macerals was determined 
through t h e i r  behavior  i n  ca rbon iza t i on ;  however, t he  t e r m  " i n e r t "  does n o t  adequately 
descr ibe t h e i r  p r o p e r t i e s .  
even i n  coke making (11) and t h e  same may be t r u e  f o r  l i q u e f a c t i o n .  

The group o f  coal  macerals known as i n e r t i n i t e  inc ludes f u s i n i t e ,  s e m i f u s i n i t e ,  

These macerals a re  considered by some t o  be semi - i ne r t  

The c l a s s i c  s tudy  by F i she r  et uZ. (4 )  and l a t e r  work by Davis et a t .  (5 )  
i n d i c a t e  t h a t  f u s i n i t e  i s  l e s s  s u i t a b l e  than  t h e  o t h e r  " i n e r t i n i t e s "  f o r  hydrogena- 
t i o n  and may i n  f a c t  be t o t a l l y  i n e r t  d u r i n g  l i q u e f a c t i o n .  
concen t ra t i on  i n  hydrogenat ion res idues and i s  g e n e r a l l y  more abundant than  i n  t h e  
o r i g i n a l  feed coa l .  The d i f f e r e n c e  i n  f u s i n i t e  concen t ra t i on  i s  a r e s u l t  o f  cont inu-  
ous c i r c u l a t i o n ,  mechanical abras ion,  and accumulation i n  t h e  t u r b u l e n t  f l o w  o f  con- 
t inuous- f low reac to rs .  F u s i n i t e  i s  u s u a l l y  r e a d i l y  apparent i n  i t s  d ispersed form 
as h i g h  r e f l e c t i n g  angu la r  fragments which o f t e n  e x h i b i t  remnant c e l l  s t r u c t u r e .  

I t  i s  observed i n  moderate 

Semi fus in i te  i s  t r a n s i t i o n a l  i n  r e f l e c t a n c e ,  morphology, and chemist ry  between 
v i t r i n i t e  and f u s i n i t e .  
carbonizat ion,  and may be v a l i d  f o r  t h e  l i q u e f a c t i o n  process. The A u s t r a l i a n  C a l l i d e  
seam which has an unusua l l y  h igh  concen t ra t i on  o f  s e m i f u s i n i t e  (Table I ) ,  was reac ted  
i n  t h e  batch hydrogenat ion system t o  i n v e s t i g a t e  s e m i f u s i n i t e ' s  p a r t i a l  r e a c t i v i t y .  
The coal gave a 40 pe rcen t  convers ion a t  400'C i n d i c a t i n g  t h e  p r o b a b i l i t y  t h a t  com- 
ponents o t h e r  than v i t r i n i t e  and e x i n i t e  were i nvo l ved  i n  the reac t i on .  
examinat ion o f  t he  C a l l i d e  res idue  subs tan t i a ted  t h e  p a r t i a l  r e a c t i o n  of semi fus in i t e .  
P l a t e  11, F igure (d )  shows s e m i f u s i n i t e  w i t h  s l i g h t l y  rounded edges and i r r e g u l a r l y  
shaped c e l l  lumenswhich may have begun t o  c l o s e  when t h e  s t r u c t u r e  became p l a s t i c .  
The res idue  a l s o  con ta ins  a h igh  concen t ra t i on  o f  s p h e r i c a l  v i t r o p l a s t .  Since t h i s  
coal has a very low v i t r i n i t e  content ,  and n o t i n g  t h e  c l o s e  assoc ia t i on  o f  t he  v i t r o -  
p l a s t  w i t h  the p l a s t i c i z e d  s e m i f u s i n i t e ,  i t  seems l i k e l y  that t h i s  v i t r o p l a s t  has 
been de r i ved  from s e m i f u s i n i t e .  
in ference as t o  t h e  source o f  t he  v i t r o p l a s t .  
of s e m i f u s i n i t e  must be determined by e m p i r i c a l  t e s t i n g  f o r  i n d i v i d u a l  coa ls .  

The p a r t i a l  r e a c t i v i t y  o f  s e m i f u s i n i t e  has been assumed f o r  

Op t i ca l  

However, i t  i s  n o t  poss ib le  t o  make a d e f i n i t e  
A t  t h i s  stage o f  research, t h e  r e a c t i v i t y  
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Another coal cons t i tuent  which i s  considered t o  be i n e r t  during carbonization i s  
macrinite. 
Block feed coal. Batch hydrogenation of t h i s  sample a t  450°C resulted i n  a 72 percent 
conversion, indicating again t h a t  some of the " ine r t "  consti tuents m u s t  have reacted. 
Microscopic observation of the progressive reaction residues suggests t h a t  w i t h  in- . 
creasing temperature, macrinite reac ts  and t h a t  by 425OC no dist inguishable residue 
analog remains. By adding macrinite t o  the  reac t ive  consti tuents ( v i t r i n i t e  and 
ex in i t e ,  Table I )  the percentage of reac t ive  macerals now closely corresponds t o  the 
72 percent to ta l  conversion. 
macrinite must be determined empirically f o r  each feed coal. 

t i l e  b i t u m i n o u s  coals i s  micrinite.  
hydrogenation i s  d i f f i c u l t  t o  assess.  
n i t e  and the granular material produced by the degradation of spor in i te  and weakly 
re f lec t ing  v i t r i n i t e  during hydrogenation. However, i t  i s  not known whether there  
a re  any chemical s imi l a r i t i e s  which could account fo r  micr in i te ' s  reaction during 
l iquefaction. 
reac t iv i ty  must be determined empirically f o r  each individual feed coal.  

Carbonized Residue Cons t i  tuen ts 

t ion  can be extensive. Any one of the residue components described above can develop 
anisotropic domains and, a t  the  same time, r e t a in  a d i s t i nc t ive  and cha rac t e r i s t i c  
morphology. The cenosphere i n  Plate I ,  Figure ( f )  i s  an example. The ou ter  wall has 
been carbonized to a fine-grained anisotropic mosaic. Similarly,  v i t rop la s t  may 
develop an anisotropy depending on temperature and time. 
t h i s  type of semi-coke and tha t  produced spec i f i ca l ly  as a r e s u l t  of a l iqu id  c rys ta l  
formation i s  important, although both types of semi-coke represent a loss  of reac t ive  
consti tuents and repolymerization. 
indicate tha t  reaction conditions were too severe,  o r  t h a t  reactor flow was not 
e f f i c i e n t  and t h a t  these par t ic les  were subjected t o  a longer residence time than 
reported. 

Table I reports a high percentage of t h i s  component in the  Indiana #1 

As w i t h  semifusinite,  the r e l a t ive  r eac t iv i ty  of 

Another consti tuent present i n  low concentrations in this  se r i e s  of high vola- 
Due t o  i t s  f ine  grain s i z e  (O.l-l.Ou), progressive 

There a re  physical s imi l a r i t i e s  between micri- 

As with the other members of the i n e r t i n i t e  group, micr in i te ' s  par t ia l  . 

The development of anisotropy i n  the insoluble organic consti tuents of hydrogena- 

The d i s t inc t ion  between 

The appearance of these carbonized par t ic les  may 

Summary and Conclusions 

I t  i s  evident from the  preceding discussion tha t ,  as  a r e su l t  of optical  s tud ies  
of the  residues obtained from progressive batch hydrogenation, ins ight  is gained in to  
the origin of residue components from continuous-flow liquefaction. The  r e su l t  of 
these optical studies i s  a c l a s s i f i ca t ion  of  organic so l id  residues (Table 1 1 ) ,  and 
some understanding of the physical d i s in tegra t ion  o f  coal macerals. Optical observa- 
t i o n  of these residues can a l so  provide an a l t e rna t ive  method of analyzing run con- 
d i t ions  and determing product balance f o r  continuous-flow systems. 

The chemical heterogeneity of coal macerals and the various mechanisms by which 
these macerals d i s in tegra te  a re  re f lec ted  in the morphologies and phases observed i n  
the insoluble residues. The f a c t  t h a t  v i t r i n i t e  i s  a complex organization of d i f f e r -  
en t  cross-1 inked polymers may account f o r  the formation of v i t rop la s t  and cenospheres 
ra ther  than the  s l i gh t ly  a l te red  v i t r i n i t e .  Optical examination of coal indicates 
t ha t  there are s l i g h t  differences i n  reflectance a n d  morphology between v i t r i n i t i c  
par t ic les  within the  same sample. The par t ia l  r eac t iv i ty  of semifusinite f o r  some 
coals i s  a fur ther  demonstration of the e f f ec t s  of chemical heterogeneity. 

Diversity o f  thermal environments during l iquefaction i s  de f in i t e ly  re f lec ted  by 

The var ia t ion  

these residues. 
t ha t  thermal conditions a re  too low. In cont ras t ,  the occurrence of semi-coke o r  
the development of anisotropic domains suggest more severe conditions. 

The appearance of unreacted or s l i g h t l y  a l te red  v i t r i n i t e  implies 
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in reflectance of the v i t rop la s t  spherical morphologies (Plate I )  may indica te  t h a t  
reaction temperatures a re  variable.  The lower r e f l ec t ing  spheres apparently have 
been l e s s  thermally a l t e r ed  than those of higher reflectance.  

e f f i c i e n t  operation of continuous-flow liquefaction processes. 
(mesophase) nucleation being responsible f o r  coking during reaction, the spherical  
v i t rop la s t  and cenosphere components a r e  a l so  a potential  problem. 
t r a t ion  of these phases could detrimentally a f f ec t  f i l t r a t i o n .  
shape could lead t o  a very t i g h t  packing during f i l t r a t i o n ,  resu l t ing  in decreased 
f i l t r a t i o n  rate. 

c lass i f ica t ion  of the organic and inorganic insoluble cons t i tuents ,  a means of systems 
product balance may be developed. Comparison of quant i ta t ive  point-count data derived 
from t h i s  c lass i f ica t ion  should a l so  a id  i n  determining the "optimum-yield'' r u n  con- 
di  t ions.  

: Further, the  c l a s s i f i ca t ion  indicates several consti tuents which may a f f ec t  the 
Besides l iqu id  c rys ta l  

Their nearly spherical  
Increased concen- 

The potential of residue microscopy i s  not y e t  fu l ly  realized. However, by 
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PLATE I: PHOTOMICROGRAPHS OF HYDROGENATION RESIDUES 

Figure (a). 

Figure (b). 

Figure (c). 

Figure (d). 

Figure (e). 

Figure (f). 

Unreocted vi t r in i te containing sporinite from continuous-flow reaction of the West Ken- 
tucky #14 (441OC). 
Vitroplast and granular residue produced i n  batch hydrogenation of lndiona #1 B lock  a t  
325OC. 
V i t r in i te  plast ic i ty and the formation of vitroplost ot 325OC. after batch hydrogenation 
of  lndiona #6 seam. 
Vitroplast and a simple cenosphere i n  the West Kentucky #14 residue (44loC, continu- 
ous-flow reactor). 
Vitroplost exhibi t ing gas bubble generation as a prelude to cenosphere formation. Con- 
tinuous-flow reaction of  West Kentucky #14 (427OC). 
Highly reticulote cenosphere with carbonized outer woll. Continuous flow reaction o f  
the West Kentucky #14 at  441OC. 
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Figure (a). 

Figure (b). 

Figure (c). 

Figure (d). 

1 

PLATE 11: PHOTOMICROGRAPHS OF HYDROGENATION RESIDUES 

The effect o f  l iqu id  crystal (mesophase) nucleation on calc i te causing semi-coke forma- 
tion. P i lo t  plant continuous-flow reaction of I l l i no is  #6 feed coal at  446OC. 
Sporinite observed in  the Indiana #1 Block feed coal, showing signs of disintegration 
during normal coalif ication. 

Remnant microspore exhibit ing granular residue formation i n  the 375OC batch hydrogen- 
at ion residue of the Indiana #1 Block. 
The apparent p las t i c i t y  and partial reaction of semifusinite from the 40OoC botch hydro- 
genation run using the Australian Col l ide seam. 
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